Introduction
============

Maple syrup, which is produced by boiling down sap collected from the sugar maple (*Acer saccharum*), is among the most commonly consumed natural sweeteners worldwide ([@b1-br-0-0-910],[@b2-br-0-0-910]). The sugar maple is distributed throughout northeastern North America, and maple syrup is mainly produced in this region ([@b2-br-0-0-910]). The North American maple tree has served an important role in traditional medicine among Native Americans ([@b3-br-0-0-910]).

Maple syrup mainly comprises sucrose, but also contains various other components, such as oligosaccharides, polysaccharides, organic acids, amino acids, vitamins and minerals ([@b1-br-0-0-910],[@b2-br-0-0-910],[@b4-br-0-0-910]--[@b8-br-0-0-910]). Previous studies, some recent, reported that maple syrup also contains several phytochemicals, including phenolic compounds that present hypoglycemic, antioxidant, antimutagenic, anticancer, anti-inflammatory, antibiotic and anti-neurodegenerative effects ([@b9-br-0-0-910]--[@b17-br-0-0-910]). Moreover, biological effects have been noted following maple syrup consumption. In a model of type 2 diabetes mellitus (the Otsuka Long-Evans Tokushima Fatty rat), oral administration of maple syrup leads to a lower increase in plasma glucose compared to oral administration of sucrose ([@b18-br-0-0-910]). Additionally, maple syrup administration inhibits colorectal cancer cell proliferation and invasion via inhibition of protein kinase B (AKT) activation ([@b19-br-0-0-910]).

The composition and sugar content of maple sap are associated with climatic conditions of the production season ([@b20-br-0-0-910]--[@b23-br-0-0-910]). Therefore, the color, aroma and taste of maple syrup varies based on differences in growth conditions and on the season of sap collection. Maple syrup grade is primarily determined based on flavor and color, ranging from very light-colored and delicately flavored to very dark-colored and strongly flavored ([@b2-br-0-0-910]). This suggests that different grades of maple syrup could have different biological effects; however, this subject has been scarcely studied. The authors previously reported that maple syrup demonstrates an inhibitory effect on colorectal cancer cell growth and invasion, and that this anticancer effect correlates with darker maple syrup color ([@b19-br-0-0-910]).

In the present study, the authors examined the effects of different grades of maple syrup on gastrointestinal cancer cell proliferation. The two types of maple syrup that indicated the strongest and weakest anticancer effects in our previous study of colon cancer cells were used. The aim of the present work was to investigate whether the dark-color maple syrup is suitable as a phytomedicine and whether it may be useful in the development of novel anticancer drugs for gastrointestinal cancer.

Materials and methods
=====================

### Materials

Chemicals and reagents of the highest grade available were purchased as follows: urea from GE Healthcare Life Sciences (Chalfont, UK); 3-(3-cholamidepropyl) dimethylammonio-1-propanesulphonate (CHAPS) from Wako Pure Chemical Industries, Ltd. (Osaka, Japan); and thiourea and Triton X-100 from Nacalai Tesque, Inc. (Kyoto, Japan). All other chemicals and reagents were purchased from Sigma-Aldrich; Merck KGaA (Darmstadt, Germany).

### Maple syrup samples

Maple syrups were purchased at a local grocery store (Osaka, Japan) in 2015. The authors selected two maple syrups of different colors: Maple syrup A was slightly golden, and maple syrup B was very dark brown.

### High-performance liquid chromatography (HPLC) analysis

To determine the carbohydrate concentrations of each maple syrup type, an LC-10Advp HPLC system was used (Shimadzu Corporation, Kyoto, Japan) equipped with a Corona Veo detector (Thermo Fisher Scientific, Inc., Waltham, MA, USA) and an Asahipak NH2P-50 4E (Shimadzu Corporation) column at room temperature (\~23°C). The mobile phase was acetonitrile/milliQ water (3:1; v/v), at a flow rate of 1 ml/min. A total of 20 µl sample solution was then injected, which was prepared as follows. The authors evaporated 10 µl maple syrup using a Spin Dryer mini VC-15S (Taitec Corporation, Saitama, Japan). The residue was resuspended in 250 µl water, and then we extracted the hydrophobic components of the maple syrup solution using ethyl acetate. The aqueous phase was ultrafiltered using an Amicon Ultra 10K device (EMD Millipore, Billerica, MA, USA) to remove high-molecular-weight components. Finally, the filtrate was diluted 1:100 in water.

### Gastrointestinal cancer cell lines

The SW480 colorectal cancer cell line, KATO III gastric cancer cell line, OE33 esophageal cancer cell line, and PANC-1 pancreatic cancer cell lines were obtained from the American Type Culture Collection (Manassas, VA, USA). All cells were cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) in an atmosphere containing 5% CO~2~.

### Cell proliferation assays

Cell lines were cultured in six-well plates at a density of 5×10^4^ cells/well. At 24 h of growth, the normal medium was replaced with culture medium containing 1% (v/v) maple syrup, based on the author\'s previous study ([@b19-br-0-0-910]). Following 24, 48, 72 and 96 h of growth, the number of cells was counted using a Countess Automated Cell counter (Thermo Fisher Scientific, Inc.).

### Protein preparation

Cells were plated at a density of 5×10^5^ cells per 100 mm dish. At 24 h of growth, the normal medium was replaced with culture medium containing maple syrup. Following 72 h, the cells were solubilized in urea lysis buffer (7 M urea, 2 M thiourea, 5% CHAPS and 1% Triton X-100). The protein concentration was measured using the Bio-Rad Protein assay (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

### Western blot analysis

A total of 10 µg protein was added to each well and was subjected to 10% SDS-PAGE under reducing conditions, and the separated proteins were transferred to polyvinylidene fluoride transfer membranes. Following blocking in TBS-Tween-20 (0.1%) buffer with 5% skim milk for 2 h at room temperature, the membranes were incubated at 4°C overnight with an anti-phospho-AKT (1;1,000; cat. no. 4051; Cell Signaling Technology, Inc., Danvers, MA, USA), anti-phospho-p44/42 MAPK (1;1,000; cat. no. 4370; Cell Signaling Technology, Inc.), anti-phospho-SAPK/JNK (1;1,000; cat. no. 4668; Cell Signaling Technology, Inc.), or anti-phospho-p38 MAPK antibody (1;1,000; cat. no. 4511; Cell Signaling Technology, Inc.). Then the membranes were washed and incubated with horseradish peroxidase-conjugated anti-rabbit or anti-mouse IgG antibody (American Qualex, San Clemente, CA, USA). Following washing, the blots were visualized using SuperSignal West Dura Extended Duration substrate (Thermo Fisher Scientific, Inc.), and bands were detected using a myECL Imager system (version 2.0; Thermo Fisher Scientific, Inc.). Next, the same membranes were re-probed with anti-β-actin (Sigma-Aldrich; Merck KGaA), anti-AKT, anti-p44/42 MAPK (Erk1/2), anti-SAPK/JNK or anti-p38 MAPK antibody (Cell Signaling Technology, Inc.) to confirm equal loading of the proteins. All western blot analyses were performed in triplicate.

### Statistical analysis

All data are presented as the mean ± standard error of the mean. The data were analyzed using one-way analysis of variance followed by Dunnett\'s test. P≤0.05 was considered to indicate a statistically significant difference. Computations were performed using GraphPad Prism software (version 5; GraphPad Software, La Jolla, CA, USA).

Results
=======

### Carbohydrate concentrations in the two maple syrup types

HPLC analysis revealed that both maple syrup A and B contained abundant sucrose, and smaller concentrations of glucose and fructose ([Fig. 1A and B](#f1-br-0-0-910){ref-type="fig"}). Sucrose concentration did not significantly differ between the two types of maple syrup. Compared to maple syrup A, maple syrup B contained significantly higher concentrations of glucose and fructose (P\<0.05; [Table I](#tI-br-0-0-910){ref-type="table"}).

### Effect of maple syrup on gastrointestinal cancer cell growth

Compared to non-treated control cells, administration of maple syrup B significantly inhibited the growth of SW480 (P\<0.01; [Fig. 2A](#f2-br-0-0-910){ref-type="fig"}; 72 and 96 h), KATO III (P\<0.05; [Fig. 2B](#f2-br-0-0-910){ref-type="fig"}; 72 and 96 h), OE33 (P\<0.01; [Fig. 2C](#f2-br-0-0-910){ref-type="fig"}; 96 h), and PANC-1 (P\<0.01; [Fig. 2D](#f2-br-0-0-910){ref-type="fig"}; 48 and 72 h) cells. Administration of maple syrup A also significantly inhibited the growth of SW480 (P\<0.01; [Fig. 2A](#f2-br-0-0-910){ref-type="fig"}; 96 h) and PANC-1 (P\<0.05; [Fig. 2D](#f2-br-0-0-910){ref-type="fig"}; 48 h) cells as compared to non-treated control cells.

### Effects of maple syrup on signaling pathways in gastrointestinal cancer cells

To determine which signaling pathway was affected by maple syrup administration, the authors examined the phosphorylation of ERK, JNK, p38 and AKT, which serve important roles in gastrointestinal cancer cell proliferation. Administration of maple syrup B visibly inhibited AKT phosphorylation in all tested gastrointestinal cancer cell lines, as compared to non-treated cells and cells treated with maple syrup A ([Fig. 3A-D](#f3-br-0-0-910){ref-type="fig"}). Conversely, administration of maple syrup B inhibited phosphorylation of ERK1/2 in OE33 cells ([Fig. 3C](#f3-br-0-0-910){ref-type="fig"}). Maple syrup administration did not influence MAPK activation in any other tested gastrointestinal cancer cell lines.

Discussion
==========

In the present study, the authors examined the inhibitory effects of two different grades of maple syrup on cell proliferation of esophageal cancer (OE33), gastric cancer (KATO III), colon cancer (SW480) and pancreatic cancer (PANC-1) cell lines. As carbohydrates are the primary components of maple syrup, the authors first examined the carbohydrate composition of each maple syrup type to determine a suitable maple syrup dosage to avoid cytotoxic effects from excessive sucrose. HPLC analysis of each maple syrup type presented three peaks, corresponding to sucrose, glucose and fructose, with sucrose being the primary component, which is consistent with previous reports ([Fig. 1A and B](#f1-br-0-0-910){ref-type="fig"}) ([@b1-br-0-0-910],[@b24-br-0-0-910]). Maple syrup B had significantly higher concentrations of glucose and fructose, compared to maple syrup A ([Table I](#tI-br-0-0-910){ref-type="table"}). Conversely, sucrose concentration was similar in both grades of maple syrup ([Table I](#tI-br-0-0-910){ref-type="table"}), and also similar to the authors\' previous analysis of maple syrup that was purchased in a different year ([@b19-br-0-0-910]). Thus, for further studies, the authors used the same dose of maple syrup as was administered in previous reports, which did not induce cytotoxicity due to high sucrose concentration ([@b19-br-0-0-910]).

It was identified that administration of maple syrup B led to a significant decrease in the cell growth rate of all examined gastrointestinal cancer cells compared to non-treated control cells ([Fig. 2](#f2-br-0-0-910){ref-type="fig"}). Additionally, administration of maple syrup A led to significant inhibition of cell growth among colon and pancreatic cancer cells compared to non-treated control cells ([Fig. 2A and D](#f2-br-0-0-910){ref-type="fig"}). Interestingly, the dark-color maple syrup had an anti-proliferative effect on all investigated gastrointestinal cancer cells, even though it contained a higher amount of glucose than the golden-color maple syrup. In contrast, the golden-color maple syrup did not significantly inhibit cell proliferation for all investigated gastrointestinal cancer cells, but it did present a tendency to suppress cell proliferation. These data suggested that the maple syrup contained an active ingredient that suppressed cancer cell proliferation, and that the amount of this active ingredient increased with darkening syrup color.

Following this, the authors examined how maple syrup affected the phosphorylation status of ERK, JNK, p38 and AKT, which each serve important roles in cancer cell proliferation. Administration of dark-color maple syrup inhibited AKT activation in colon cancer cells, consistent with previous data ([@b19-br-0-0-910]). Moreover, it demonstrated similar inhibitory effects in the other gastrointestinal cancer cells used in this study. Maple syrup contains various phenolic compounds, including lignans and coumarins. Such phenolic compounds have been previously reported to present inhibitory effects on AKT activation in cancer cells ([@b25-br-0-0-910]--[@b31-br-0-0-910]). The present data suggested that dark-color maple syrup may contain larger amounts of bioactive compounds, such as phenolic compounds.

On the other hand, administration of dark-color maple syrup did not affect MAPK activation, except for an inhibitory effect on ERK activation in esophageal cancer cells ([Fig. 3](#f3-br-0-0-910){ref-type="fig"}). Notably, despite suppression of two signaling pathways related to cell proliferation, the inhibitory effect on esophageal cancer cell proliferation following administration of dark-color maple syrup was to a lesser extent than the effect observed in other gastrointestinal cancer cells. These data suggested that administration of dark-color maple syrup in esophageal cancer cells may have other effects, such as inhibition of cancer cell invasion, particularly since a previous study of the authors demonstrated that administration of dark-color maple syrup inhibited colon cancer cell invasion ([@b19-br-0-0-910]).

The current results indicated that dark-color maple syrup had anti-cancer effects in upper digestive tract cancer cell lines, such as esophageal and gastric cancer. This suggests that routine intake of dark-color maple syrup could potentially suppress the progression of esophageal and gastric cancer. Moreover, administration of dark-color maple syrup presented anti-cancer effects in pancreatic cancer cells, which is a type of cancer that is refractory to current treatments. Therefore, the bioactive compounds in dark-color maple syrup may be useful in the development of novel anti-cancer drugs for treatment of gastrointestinal cancer as well as refractory cancers. Further studies are required to clarify the optimal dosage and administration method for using dark-color maple syrup as a phytomedicine for cancer treatment. Future studies are also warranted to identify the bioactive compounds in dark-color maple syrup that are responsible for repressing cancer cell proliferation through inhibition of the AKT signaling pathway.

In conclusion, the present data demonstrated that dark-color maple syrup reduced gastrointestinal cancer cell growth through inhibition of the AKT signaling pathway. These findings suggested that dark-color maple syrup may be useful as phytomedicine, potentially preventing cancer progression. The present data may also be useful for future development of novel anti-cancer drugs for gastrointestinal cancer treatment with fewer adverse effects than traditional chemotherapy.
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![Effects of maple syrup on gastrointestinal cancer cell proliferation. Compared to non-treated controls, administration of maple syrup B significantly inhibited cell proliferation of (A) SW480 (72 and 96 h), (B) KATO III (72 and 96 h), (C) OE33 (96 h) and (D) PANC-1 (48 and 72 h) cells. Administration of maple syrup A also inhibited proliferation of (A) SW480 (96 h) and (D) PANC-1 (48 h) cells compared to non-treated cells. \*P\<0.05, \*\*P\<0.01 vs. non-treatment.](br-07-01-0006-g01){#f2-br-0-0-910}
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###### 

Maple syrup color and carbohydrate concentrations.

  Variables       Color             Sucrose (g/100 ml)   Glucose (g/100 ml)                                        Fructose (g/100 ml)
  --------------- ----------------- -------------------- --------------------------------------------------------- ---------------------------------------------------------
  Maple syrup A   Slightly golden   53.02±2.20           0.28±0.03                                                 0.82±0.05
  Maple syrup B   Very dark brown   49.83±0.16             1.91±0.05^[a](#tfn1-br-0-0-910){ref-type="table-fn"}^     2.38±0.02^[a](#tfn1-br-0-0-910){ref-type="table-fn"}^

P\<0.05 vs. maple syrup A.
